Background: This study aimed to investigate associations between self-reported sleep duration and general and abdominal obesity in Korean adults stratified according to gender and age. Methods: Data from 41,805 adults, 18-110 years of age, collected by the Korea National Health and Nutrition Examination Survey (KNHANES) in 2007 and 2015, were analyzed. Multivariable logistic regression was used to calculate adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for obesity and abdominal obesity by sleep duration after controlling for sociodemographic and lifestyle variables. Results: Among individuals 30-49 years of age, there was an increased AOR for obesity only for sleep duration ≤ 5 hour/day compared with sleep duration 6 to 8 hour/day, both in men (OR, 1.25; 95% CI, 1.02-1.54) and women (OR, 1.56; 95% CI, 1.29-1.90), after controlling for covariates. Regarding women, there was increased AOR for abdominal obesity for sleep duration ≤ 5 hour/day (OR, 1.45; 95% CI, 1.18-1.78) and ≥ 9 hour/day (OR, 1.38; 95% CI, 1.09-1.76) compared with sleep duration 6 to 8 hour/day. However, for elderly individuals (≥ 65 years), there was a negative association between sleep duration ≤ 5 hour/day and obesity, but not with abdominal obesity, in both men and women. Conclusion: This study demonstrated a significant association between sleep duration and obesity, which varied according to gender and age.
INTRODUCTION
Sleep plays a vital role in maintaining homeostasis and promoting individual health. 1 The duration of sleep has shown decreasing secular trends alongside changes in modern society that require longer hours of work, more shift work and night activity, and technology use. 2-4 These influences have reduced the average duration of sleep and have modified sleep patterns across westernized populations, with increased reports of fatigue, tiredness, and excessive daytime sleepiness. 3 Published data from the National Sleep Foundation demonstrate a significant decline in the average duration of sleep of Americans in the past 100 years, with a loss of approximately 1.5 hours per night, from an average 9.0 hours per night in 1910 to an average 7.5 hours per night in 2014, and an average of 7.1 hours per night reported in 2015. 5 Many have attributed this sleep curtailment to lifestyle changes influenced by cultural, social, and environmental factors. [6] [7] [8] [9] Many clinical studies have investigated the relationship between self-reported short sleep duration and a variety of adverse health outcomes such as obesity, type 2 diabetes, hypertension and cardiovascular disease, and mortality. 10- 18 Although these results do not necessarily imply a causal-effect relationship, they do point to a new interest in the health and social implications of sleep shortage and the potential importance for public health in modern society. However, a recent study reported that, compared with regular sleep duration of 6 to 8 hour/day, short sleep defined as < 6 hour/day, significantly increased the risk for central obesity and metabolic health risk in a healthy adult cohort, 19 which suggests a causal-effect relationship.
Because obesity and body mass generally reflect years of accumulated morbidity and lifestyle factors, it is possible that the relationship between sleep duration and body mass differ between the gender and across age groups. 20 For example, obesity in young adulthood may reflect more recent lifestyle and health factors, one of which may be short sleep duration. However, obesity in older age may reflect decades of accumulated risk factors, including comorbid conditions and hormonal factors, which in aggregate outweigh any effect(s) of short sleep duration. In Korea, there was a report that short sleep duration of ≤ 5 hour/day is significantly associated with increased risk of general and abdominal obesity in a total of 8,717 adults aged 20-65 years. 21 In another study with 2,499 children and 7,431 adolescents in Korea, shorter sleep duration was significantly associated with an increase in body mass index (BMI) z-score. 22 Men and women have different lifestyles, co-morbidities, hormonal influences, and social concepts, suggesting the possibility of different gender-related effects on sleep patterns and obesity. Women may experience severe sleep problems as well as increases in obesity and waist circumference due to menopause, and there are objective sleep disturbances in elderly men and women. 23 Many previous studies have demonstrated that the relationship between sleep duration and age is nonlinear, suggesting important clues that these relationships may differ among adolescents, young adults, middle-age adults, and older adults. 23,24 For example, the need for sleep is greater among adolescents and young adults, while some sleep disturbances peak in middle or elderly age. 20 Nevertheless, it remains unclear whether there are gender and age, or racial or ethnic differences and associations, between sleep duration and obesity.
Although biological mechanisms linking sleep curtailment and obesity remain unclear, reduced circulating leptin and elevated ghrelin levels 25-27 and inflammatory cytokines, such as high-sensitivity C-reactive protein, 28 have been proposed as possible explanations in healthy young subjects. If sleep duration has clinical effects on obesity, modification of sleep pattern(s) may become an important intervention for obesity and its prevention.
Despite its public health significance, there are few reports describing the association between obesity and sleep duration according to gender and age. In an attempt to explain why there have been inconsistent results when analyzing sleep duration and obesity, this cross-sectional study aimed to assess the association between sleep duration and obesity -stratified according to age and gender -in a representative population-based sample of Korean adults using data from the Korea National Health and Nutrition Examination Survey (KNHANES) 2007 and 2015.
METHODS

Data source and study sample
The KNHANES is a nationally representative, population-based, cross-sectional survey of health and nutritional status among the Korean population. 29 This survey consists of three distinct elements: health interview, health examination, and nutritional review.
Sampling weights were used to account for complex sampling to represent the entire noninstitutionalized Korean population. Furthermore, to avoid bias from longitudinal changes in age and gender distributions, these factors were adjusted to reflect the Korean population distributions each year.
In the present study, data were collected from adults (≥ 18 years of age) who participated in three KNHANES cycles (2007-2009, 2010-2012, and 2013-2015) for the analysis of selfreported sleep duration patterns. Briefly, from a total of 56,752 participants ≥ 18 years of age, participants with missing data for sleep duration (n = 5,207), BMI (n = 209), and waist circumference (n = 96) were excluded. Individuals with missing values for any covariates, including education, marital status, household income, smoking, alcohol consumption, physical activity, and gender (n = 9,435) were also excluded. The final sample consisted of 41,805 adults (19,391 men; 22,414 women).
Operational definitions: sleep duration and other variables
Obesity was diagnosed using anthropometric data from each health examination. According to the Korean Society for the Study of Obesity (KSSO) 30 and the World Health Organization (WHO) criteria, 31 obesity is defined as a BMI ≥ 25 kg/m 2 among individuals ≥ 18 years of age. Abdominal obesity was defined as waist circumference ≥ 90 cm in men and ≥ 85 cm in women according to the KSSO. 32 The height and weight of all subjects were measured by a trained investigator while they wore light clothing and no shoes. Height was measured to the nearest 0.1 cm by using SECA 225 (SECA, Hamburg, Germany), and weight was measured to the nearest 0.1 kg using GL-6000-20 scale (CAS Co., Seoul, Korea). Sleep duration was defined as the self-reported response to the question: "How many hours of sleep do you usually get in a day on average?" The responses were categorized as ≤ 5 hour/day, 6 to 8 hour/day, and ≥ 9 hour/day. In addition, a self-reported questionnaire in the KNHANES 2007 and 2015 was used to obtain socioeconomic data for the following covariates based on previous literature: age, education, marital status, household income, alcohol intake, smoking status, and physical activity. Regular physical activity was dichotomized as "yes" or "no": "no" was defined as no walking, moderate activity, or vigorous activity during a recent week; "yes" was defined as any physical activity with walking, moderate activity, or vigorous activity defined as below. Walking consisted of sessions of ≥ 30 minutes 5 days per week during a recent week and included all forms of walking. Moderate physical activity consisted of activity that was more strenuous or made one breath harder than usual and involved 30 minutes sessions ≥ 5 times per week during a recent week. Vigorous physical activity was defined as engaging in intense physical activity that made one very tired or breathing significantly more difficult than usual, and involved ≥ 20 minutes sessions (each time) 3 days per week during a recent week (e.g., running, jogging, mountain climbing, fast cycling, fast swimming, playing soccer, playing basketball, skipping rope, playing squash or singles tennis, transporting heavy objects). Work schedule patterns were grouped as daytime fixed work, shift work or other. Age was classified into four groups: 18-29 years (young adults); 30-49 years (middle-age adults); 50-64 years (older adults); and ≥ 65 years (elderly adults).
Statistical analyses
The KNHANES sampling weights accounting for the complex survey design, survey nonresponse and post-stratification were used. 29 Continuous and categorical variables were compared among the three categories of self-reported sleep duration using analysis of variance (ANOVA) test and the χ 2 test, respectively. Nominal variables were presented as number and percentage, and continuous variables were presented as mean ± standard error of the mean (SEM). Multivariable logistic regression was used to measure the adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for obesity and abdominal obesity according to sleep duration, after controlling for education, marital status, household income, alcohol consumption, smoking status, and physical activity. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Ethics statement
All subjects participated voluntarily and provided informed consent for data collection. The KNHANES protocol was approved by the Korean Ministry of Health and Welfare, and the study was performed in accordance with the guidelines of the Declaration of Helsinki. The study was approved by the Institutional Review Board (IRB) of the Kangwon National University Hospital (IRB number: KNUH-2016-07-007).
RESULTS
Baseline characteristics of Korean adults according to gender and selfreported sleep duration
In the present study, there were 41,805 adults (19,391 men [46.4%] and 22,414 women [53.6%]). The mean (± SEM) age was 43.8 ± 0.13 years; BMI was 23.7 ± 0.02 kg/m 2 ; waist circumference was 81.1 ± 0.08 cm; and sleep duration was 6.9 ± 1.3 hour/day ( Table 1) . General obesity was present in 13,203 (31.7%) participants and abdominal obesity in 10,712 (23.9%) ( Table 1) . There was a statistically higher prevalence of obesity (36.6% vs. 26.2%; P < 0.001) and abdominal obesity (25.8% vs. 21.9%; P < 0.001) in men compared with women, respectively. Table 2 summarizes the baseline characteristics of the 41,805 participants according to self-reported sleep duration. Sleep duration of 6 to 8 hour/day was reported by 77.6% of the subjects, and 14.7% slept ≤ 5 hour/day. Sleeping ≤ 5 hour/day was associated with a significant increase in general and abdominal obesity. The prevalence of obesity and abdominal obesity according to self-reported sleep duration is presented in Fig. 1 . As sleep duration shortened, obesity and abdominal obesity became more prevalent.
Association between self-reported sleep duration and obesity and abdominal obesity according to age and gender in Korean adults
The association between sleep duration and obesity according to age and gender is shown in Association between Sleep Duration and Obesity consumption, smoking status, and physical activity. The ORs and 95% CIs for obesity and abdominal obesity across the three categories of sleep duration, using 6 to 8 hour/day of sleep as a reference, are presented in Tables 3 and 4 .
Associations of sleep duration as a continuous variable with BMI and waist circumference as continuous variables are presented in Supplementary Figs. 1 and 2. There were significant and inverse associations of sleep duration with BMI and waist circumference (β = -0.18, P value < 0.0001; β = -0.50, P value < 0.0001, respectively).
Stratification according to age
Among 18-to 29-year-olds, in the adjusted analyses, sleep duration ≥ 9 hour/day was associated with a decreased prevalence of obesity (OR, 0.77; 95% CI, 0.59-0.99); however, there was no association between obesity and short sleep duration ≤ 5 hour/day. Among individuals in the 30-49 years of age group, the adjusted OR of prevalent obesity was 
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P-trend .
P-trend . P-trend . To evaluate the quality of life in association with sleep duration, health-related quality of life measured by the EuroQol-5D (EQ-5D) index by sleep duration according to age groups are presented in Supplementary Table 1 . In older adults ≥ 65 years of age, a significant association was found between sleep duration and health-related quality of life (P value < 0.0001).
Stratification according to gender
In men, there was decreased prevalence of obesity (OR, 0.82; 95% CI, 0.69-0.96) in those with sleep hours ≥ 9 hour/day compared with those who slept 6 to 8 hour/day. However, among adults 30-49 years of age, the adjusted OR for obesity was 1.25-fold greater in those who slept ≤ 5 hour/day (OR, 1.25; 95% CI, 1.02-1.54) compared with those who slept 6 to 8 hour/day. In older men ≥ 65 years of age, a significant decreased adjusted OR for obesity was found between sleep duration ≤ 5 hour/day and the risk for obesity (OR, 0.74; 95% CI, 0.60-0.92).
In women, compared with sleep duration 6 to 8 hour/day, the adjusted OR (95% CI) for obesity was 1.18 (95% CI, 1.07-1.32) for those who slept ≤ 5 hour/day. Among adults 30-49 years of age, there was a significant increased adjusted OR for obesity in those who slept ≤ 5 hour/ day (OR, 1.56; 95% CI, 1.00-1.90) and ≥ 9 hour/day (OR, 1.26; 95% CI, 1.00-1.58). In older women (≥ 65 years), a significantly decreased adjusted OR for obesity was found between sleep duration ≤ 5 hour/day and the risk for obesity (OR, 0.78; 95% CI, 0.65-0.95), similar to older men (≥ 65 years). No significant association was found between sleep duration and the risk for abdominal obesity in any male group after adjusting for variables (Table 4) . Women showed an increased adjusted OR for abdominal obesity in those who slept ≤ 5 hour/day (OR, 1.24; 95% CI, 1.11-1.37) and ≥ 9 hour/day (OR, 1.18; 95% CI, 1.02-1.37).
Among adult women 30-49 years of age, there was an increased adjusted OR for abdominal obesity in those who slept ≤ 5 hour/day (OR, 1.45; 95% CI, 1.18-1.78) and ≥ 9 hour/day (OR, 1.38; 95% CI, 1.09-1.76). Among adult women 50-64 years of age, there was a 1.18-fold greater adjusted OR for abdominal obesity only for those who slept ≤ 5 hour/day (OR, 1.18; 95% CI, 1.00-1.39) compared with those who slept 6 to 8 hour/day.
There was no association between sleep duration and abdominal obesity among the older adults (male or female ≥ 65 years of age), which was different from the negative association of general obesity and sleep duration for those who slept ≤ 5 hour/day (Table 4) . A sleep duration of ≤ 5 hour/day was negatively associated with obesity but not with abdominal obesity in older adults (≥ 65 years of age) in men and women. 
DISCUSSION
This study examined data from the 2007-2015 KNHANES to determine whether there is a relationship between sleep duration and obesity; our results suggest that it varies according to gender and age.
Among individuals 30-49 years of age, there was an increased adjusted OR for obesity only in those who slept ≤ 5 hour/day compared with those who slept 6 to 8 hour/day, both in men and women. There was a prominent increased adjusted OR for abdominal obesity in women who slept ≤ 5 hour/day and ≥ 9 hour/day compared with those who slept 6 to 8 hour/day, which was not shown in any age group for men. Interestingly, in the elderly adult group (≥ 65 years), there was a negative association between sleep duration ≤ 5 hour/day and obesity, but not with abdominal obesity, in both men and women. This relationship persisted even after adjusting for various confounding factors including education, marital status, smoking status, alcohol consumption, physical activity, and income.
This study demonstrated a significant relationship between sleep duration and obesity, which varied according to gender and age, as expected. There is a discrepancy between sleep duration and obesity, or between sleep duration and abdominal obesity, suggesting the influence of different pathogenic mechanisms for each type of obesity and sleep according to age and gender. Adults (men and women) 30-49 years of age exhibited a prominent positive relationship between sleep duration ≤ 5 hour/day and obesity. In addition, women 30-49 years of age exhibited a positive adjusted OR for abdominal obesity in short (≤ 5 hour/day) and long (≥ 9 hour/day) sleepers, compared with sleep duration of 6 to 8 hour/day, suggesting the presence of more pronounced effects in middle-age adult women. However, there appeared to be no exact explanations for age and gender differences in the relationship between sleep duration and obesity. One possible explanation is that exposure to different types of stress, including socioeconomic and cultural factors and hormones at different ages, and race or ethnicity, may play a role in both short sleep and obesity among various age groups. 33,34
In a previous study using the KNHANES 2001 KNHANES -2005 , which included 8,717 adults 20-65 years of age, shorter sleep (≤ 5 hour/day) was associated with increased risk for obesity and abdominal obesity in both men and women, and the association between sleep duration and obesity appeared to be more prominent for obesity than for abdominal obesity for men than women, and for young adults 20-40 years of age than older adults. 21 However, our study, which included data from 41,805 adults 18-110 years of age, showed different gender and age associations than previous studies in that there was higher association between women and abdominal obesity, especially in those 30-49 years of age.
Previous studies have reported inconsistent results when examining the association between sleep duration and obesity. One of the reasons for inconsistent results may be a wide age range. After examining the ages of participants in the conflicting studies, varying age ranges, such as 20 to 80 years, and average ages, may explain the varying results. 20,35-37 Studies that included greater numbers of younger participants tended to find a linear relationship, and studies 38-40 with middle-age subjects more frequently found U-shape associations between sleep duration and obesity, 20,41-43 suggesting the importance of age factors. Other studies usually showed the strongest relationship between younger age groups and obesity 40 ; however, our study showed a more prominent strong relationship in the 30-49 years age group than the 18-29 years age group, suggesting the influence of social factors, such as long work hours, night activity, and high alcohol intake, 40,44 or racial differences 45 in response to stressors such as short sleep or psychological distress.
Other explanations for the heterogeneity in the relationship between sleep duration and obesity include limitations such as no clear definitions or standards of normal sleep hours, lack of objective measurements of sleep duration, and a focus mostly on nocturnal sleep duration excluding naps. 23 Nevertheless, explanations for the association between long sleep and obesity are sparse. It has been suggested that long sleepers may have low energy expenditure or may overestimate their actual sleep duration because of the long time in bed, and may have poor sleep quality. 41 In adults > 65 years of age, short sleep has been associated with decreased risk for obesity; however, the reason for this apparent reverse relationship was not well clarified. There may be more complex confounding factors in elderly individuals, such as medical co-morbidities, complicated medication use, and other characteristics, which are of lesser concern for younger adults. However, there is also the potential for reverse causation because obesity leads to many co-morbidities, including sleep apnea that can disrupt sleep especially in elderly or obese individuals.
Strengths of the present study include its large nationally representative sample for both gender and age, as well as sufficient sample sizes and data for sleep duration, and exact measurements of BMI and waist circumference. However, there were also several limitations, the first of which was that it was a cross-sectional analysis and, therefore, we were unable to establish causality. In addition, sleep duration was self-reported by the participants. More reliable results could be achieved through objective means such as actigraphy, polysomnography, and/or using validated questionnaires that include measures
